The aim of this study was to assess genetic structure of Slovak Pinzgau population based on polymorphism at molecular markers using statistical methods. Female offspring of 12 most frequently used bulls in Slovak Pinzgau breeding programme were investigated. Pinzgau cattle were found to have a high level of diversity, supported by the number of alleles observed across loci (average 5.31, range 2-11) and by the high within-breed expected heterozygosity (average 0.66, range 0.64-0.73). The state of genetic diversity is satisfying and standard for local populations. Detection of 12 possible subpopulation structures provided us with detailed information of the genetic structure. The Bayesian approach was applied, detecting three, as the most probable number of clusters. The similarity of each subpopulation using microsatellites was confirmed also by high-throughput molecular data. The observed inbreeding (F ROH =2.3%) was higher than that expected based on pedigree data (F PED =0.4%) due to the limited number of available generations in pedigree data. One of the most important steps in development of efficient autochthonous breed protection programs is characterization of genetic variability and assessment of the population structure. The chosen set of microsatellites confirmed the suitability in determination of the subpopulations of Pinzgau cattle in Slovakia. The state of genetic diversity at more detailed level was successfully performed using bovineSNP50 BeadChip.
INTRODUCTION
Slovak Pinzgau cattle belong to the traditional livestock breeds, mainly in upland regions in Slovakia. Nowadays, this breed belongs to the endangered populations (Kadlečík et al., 2004) due to drastic decreasing of the animal counts. Currently loss of genetic resources concerns not only the extinction of traditional breeds, but also the loss of genetic diversity within breeds. Most of the endangered breeds are specialized in a particular habitat or production system and represent, in both developed and developing countries, a unique resource to meet present and future breeding objectives. Therefore, thorough information on diversity and population structure in cattle is urgently needed to serve as a rational basis for the conservation and possible use of indigenous cattle breeds as genetic resources to meet potential future demands (Taberlet et al., 2008) . Markers are used by population geneticists to investigate the origin, genetic diversity and population structure of alleles, by evolutionists to describe genetic relationship among species or populations and by geneticists to study linkage disequilibrium within or between genes (Liu and Muse, 2005) . Molecular markers based on DNA have a very high polymorphism level, and they have been successfully used for evaluation of genetic diversity and variation in breeding programs with an impact on the level of genetic conservation schemes (Židek and Kasarda, 2010) . The inbreeding coefficient is defined as the probability that a pair of alleles is identical by descent (IBD). Historically, geneticists have estimated this probability using pedigree data though genomic information should lead to a more accurate depiction (Bjelland et al., 2013) . Increased levels of inbreeding would appear genomically as an increase in the frequency of homozygous alleles. A problem with this method is that alleles that are IBD and identical by state (IBS) cannot be distinguished and are both included in this measure of inbreeding. An alternative method involving genomic runs of homozygosity (ROH) attempts to distinguish these differences and has been used in human (Kirin et al., 2010) as well as cattle genomics (Bjelland et al., 2013; Ferenčaković et al., 2013) , examining population history. The ROH are consequence of inbreeding and relatively close relationships between parent pairs, especially in small endangered populations (Mészáros et al., 2015) . The aim of this study was to evaluate the genetic diversity and population structure of Slovak Pinzgau cattle based on polymorphism in genotyping data using statistical programs.
MATERIALS AND METHODS
Selected cows of Pinzgau cattle originated from Slovakia were analysed. DNA of 140 animals was isolated from hair roots and amplified in one multiplex PCR with 10 microsatellites. To determine the polymorphism of microsatellite DNA sequences fluorescent fragmentation analysis by capillary electrophoresis (ABI PRISM 310 Genetic Analyser) was used and the alleles' sizes were evaluated using software Gene Mapper 4.0. Average number of alleles per subpopulation of fathers, Shannon information index, observed heterozygosity, gene diversity (expected heterozygosity) and inbreeding coefficient (F MST ) were calculated by GenAlex 6.5 (Peakall and Smouse, 2012) . The most important fathers of cows were genotyped using BovineSNP50 v2 BeadChip (Illumina Inc., San Diego, CA). Only 12 bulls (fathers of 140 cows) with minimum of 5 and maximum of 34 daughters were chosen. SNP markers with more than 10% of missing genotypes, SNPs with less than 0.01 minor allele frequency (MAF) as a threshold to declare a polymorphic SNP and individuals with low genotyping (< 95%) were excluded. The inbreeding coefficient was calculated first by GenAlex 6.5 software (Peakall and Smouse, 2012; F SNP ) and then as ROH-based estimates of autozygosity (F ROH_MAF ). Pruning SNPs that show low MAF can affect the results (Albrechtsen et al., 2010) thus quality control setting GeneCall ≤ 0.7 and GeneTrain ≤ 0.4 score was used to evaluate inbreeding coefficient as well (F ROH_GC_GT ). In our analysis autozygosity was defined by ROHs that were > 4 Mb following the study of Ferenčaković et al. (2013) . Subsequently, estimation of subpopulation structure using prior information about fathers was performed. Mixture partition based on pre-defined clustering using Bayesian Analysis of Population Structure (BAPS v. 6.0) software was executed, further described in Cheng et al. (2013) . For analysis of relatedness and principal component analysis (PCA) of SNP data a high-performance computing toolset gdsfmt and SNPRelate (R packages for multi-core symmetric multiprocessing computer architectures) were used according to Zheng et al. (2012) .
RESULTS AND DISCUSSION
All evaluated cows were divided to 12 groups by fathers and summary statistics for each group were calculated ( Table 1 ). The number of alleles over subpopulations and loci ranged from 2-11 with the mean 5.31±0.15. Regarding the Shannon's information index (I), all groups of fathers presented a value distant from zero with an overall mean of 1.31±0.03. The overall average of observed heterozygosity (H o =0.77±0.02) has reached higher values than expected (H e =0.66±0.01) and indicated the presence of high level of heterozygosity in native local cattle breeds. Expected heterozygosity and mean number of alleles calculated here were similar to those obtained in endangered German Pustertaler Sprinzen (0.69 and 5.3), Pinzgauer (0.71 and 6) and Simmental (0.58 and 5.2; Edwards et al., 2000) . The average value of F MST reached a negative number (-0.17±0.02), generally it can be concluded there is no reduction of heterozygosity in daughters of evaluated bulls, whereas the inbreeding in bull Nero was F SNP = 0.003. Positive F values could be derived from inbreeding or from the presence of a substructure within the population. The ROH greater than 4 Mb cover on average 2.3% of genome (F ROH_MAF = 0.0225 and F ROH_GC_GT = 0.0234). The observed inbreeding was higher than that expected based on pedigree data (F PED =0.4%). According to pedigree data only 5 animals have arisen by breeding of related animals, whereas based on F ROH>4 even 11 animals were inbred. Ferenčaković et al. (2013) showed higher inbreeding level in Pinzgau from Austria (F ROH4 = 0.037) compared to Slovak Pinzgau (F ROH4 = 0.023) from this study. The Austrian bull Nero had the highest inbreeding F ROH_GC_GT = 5.1%. (4.6% calculated using F ROH_MAF ), while Carlo with Canadian origin had zero inbreeding. It was noticeable that sires with Austrian origin had overall higher F ROH levels. Further analysis was performed using prior information about subpopulations from microsatellite markers. Partitioning of Pinzgau cows according father of cows is visible in figure 1 . Each individual that was clustered is represented by a vertical bar having the colour corresponding to the cluster where it was placed. From 12 fathers 3 main clusters was created based on Bayesian approach. Red colour marked cluster represents line COS, bull Carlo with Canadian origin. Austrian bull Nero representing line NUS, Atlas (Austrian origin) representing AER line and Slovak bull Loltel from line LOZ belong to the second cluster (green colour). The PCA and ancestry models were used to cluster animals, to explore the relationships within breed using high-throughput molecular data. First three principal components (PC) are explaining 21.21% of genetic variability (1.PC = 8.44%, 2.PC = 7.38%, 3.PC = 5.39%. Using the three first PC, the mean pairwise distance between the individuals from the Pinzgau population was plotted ( Figure  2 ). First three PC are the most informative plotting on a three-dimensional scatter diagram to allow visual inspection of the relationships among the breed (Dixit et al., 2012) . The PCA is used to characterize how different multiple populations are, often using only the two first PC (Albrechtsen et al., 2010) . Nobtelo and Nobmon representing line NOB, Lutgo, Lutgo representing line LUZ, Romil and Samfo-et created separate clusters while theirs daughters using microsatellite data were in common cluster also with Gomol and Lodron. Nero, Loltel and Atlas created one cluster by microsatellite analysis and also by SNP Chip data were genetically more similar. Figure 2 . The principal component analysis of 12 Slovak Pinzgau bulls. First 3 principal components (PC) are explaining 21.21% of genetic variability CONCLUSION Basic parameters of genetic diversity in traditional Slovak cattle were analysed to determine the level of heterozygosity and inbreeding within population. In spite of significant decrease of population, the state of genetic diversity is satisfying and standard for local populations in comparison to the generally accepted numbers. The proportion of the genome present in ROH provides a good indication of inbreeding levels. The observed inbreeding (F ROH =0.023) was higher than that expected based on pedigree data (F PED =0.004). Genetic structure of Pinzgau cattle has been characterised using set of 10 microsatellites. The similarity of each subpopulation of fathers using microsatellites was confirmed also by highthroughput molecular data. Genomic confirmation of existence of separated breed specific substructures as bull lines allows for more accurate mating strategy and control over inbreeding increase in the breeding programme. Deeper analysis of high-throughput data could provide us with bull line specific regions or SNPs, for which more animals to be sequenced as a basis for preservation of the breed in the original phenotype.
